The -,vay in which the various activities of a cell relate to the level of available energy can conveniently be studied in photosynthetic cells of size large enough to permit measurements on individual cells. Internodal cells of the Characeae approach ideality for such a purpose in that they are, to a good approximation, right circular cylinders of macroscopic dimensions.
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Moreover, a certain internal symmetry prevails in that the chloroplasts are uniformly distributed in a single layer in the outer, nonstreaming layer of cytoplasm.
The purpose of this study was to investigate the manner in which light intensity and the composition of the external medium interact to influence a number of cellular activities and properties including sodium influx, membrane potential, the Na, K, and Cl concentrations in the vacuole, and protoplasmic streaming. For this, mature internodal cells of Nitella clavata were placed under a number of environmental concitions in each of which light intensity, solution Comllposition, and temperature were kept constant. The Na influxes and rates of protoplasmic streaming reported here are the constant rates eventually established under a given set of conditions. These constant rates are indicative of a stabilization of certain metabolic processes, but the establishment of steadystate concentrations of the cellular constituents cannot be claimed.
Materials and Methods
Cndltite Conditionis (9) . In the present xvork the amounts of Na remaining in or on the cells after a 30-minute exposure to Na22 followed 1w a1 9,)-minte rinse, were 90 and 170 p-equiv/cM2 for the M and C solutions, respectively (steady-state influx subtracted).
Experimental Conditions. For the main work 2 solutions, each containing 3 mm Na, were used: the M solution having the same composition as the macronutrient portion of the nutrient solution described above, with a pH of 8.3; the C solution containing 3.0 mm NaCl, 0.10 mm KCl, 1.0 mat CaCl., and 1.0 mM MgSO4, with a pH of 6.2. In some additional experiments a bicarbonate solution was used, containing 1.0 mm NaHCO3, 1.0 mM NaCl, 0.05 mm K2S04, 1.0 mm CaCl2, 1.0 mM MgSO4, with a pH of 8.0; the total Na concentration is 2.0 mat.
For Na influx measurements quadrant-divided petri dishes were used, with 1 cell in each compartment. With approximately 10 ml of solution in each compartment the solution/cell volume ratio was about 500. During the experiments and pretreatments the cells were kept in solution in the petri dishes, with covers on, in a controlled temperature chamber at 27°. A rather vigorous stirring of the solutions was effected through the vibrations imparted to the chamber by the operation of the compressor. The solutions were not aerated.
The interior walls of the chamber were covered with black paper or black cloth so that a single incandescent lamp at the top could be treated as a point source of light. Radiant flux densities were calculated for the wavelength interval 350 to 750 nm from measurements with a standardized Weston photometer (model 756, with quartz filter) by applying the data of Forsythe and Adams (6) . With this arrangement a reading of one ft-c corresponded to a radiant flux density of about 63 ergs/cm2 sec. In the text, the terms radiant flux density and light intensity will be used interchangeably. The intensities ranged from 40 to 3400 ergs/cm2 sec. Although very low as compared to the levels most frequently used in work on higher plants, they covered the range most favorable for growth of Nitella in the laboratory.
Electrical Potentials. the dependence of protoplasmic streaming on light is limited to intensities below 700 ergs/cm2 sec. In contrast to Na influx this dependence is much less marked.
So long as a cell has sufficient light for survival, the streaming rate is at least 67 u/sec at 270. No difference between the AI and C cells was evident except for the slight depression of the streaming rate of AI cells at 3400 ergs/cm2 sec.
Cytological Observations. In cells kept in the MI solution at 3400 ergs/cm112 sec an unusual condition of the chloroplasts occurred. Normally the chloroplasts are embedded very regularly in a single layer in the outer, nonstreaming cytoplasm (just inside the plasmalemma), blanketing perhaps 80% of the protoplast surface. The only exception to this is the presence of 2 white lines running the length of the cell, each white line being a zone about 20 A across having no chloroplasts. In the abnormal cells chloroplasts were observed in the white lines, making these zones difficult to distinguish from the regular field of chloroplasts. In addition, some chloroplasts were missing from their regular fixed positions, apparently having moved into the inner protoplasm.
Besides this unusual disposition of the chloroplasts, the inner protoplasm had a somewhat jerky movement and was slightly retarded. These abnormalities, along with the low Na influx, indicate a rather general derangement of metabolism in the cell. The roughly 10 to 15% mortality rate of cells in the AM solution under these conditions is also consistent with this interpretation.
Attainmnent of Constant Na Influxes and Streanming Rates. Na influxes usually became constant in about 1 week; in a few cases 2 to 3 weeks were needed. The constancy of the influxes of cells damaged by light at 3400 ergs/cm2 sec is somewhat in doubt because of the uncertain stability of these cells. The attainment of constant streaming rates required 5 weeks in cells at 100 to 200 ergs/cm2 sec, with shorter times needed at higher intensities. Initially these cells had maximum streaming rates.
Variation among Cells. The relative variation of Na influx among cells was large but rather constant over the entire range of light intensities, the coefficient of variation being about 0.3 in each case. Figure 2 indicates that considerable variability among cells also existed in the ability to survive at low light intensities, but this was not influenced by the composition of the solution. Some cells survived at 80 ergs/cm2 sec whereas others required greater than 170 ergs/cm2 sec. This degree of variation is roughly the same as that for the Na influx. Discussion Na Influx, Light, and AMetbrane Potentials. Although the strong correlation of Na influx with light intensity suggests an active transport mechanism, a net passive movement of Na into the cell should occur because of the existing electrochemical potential gradient. The electrical potential for which Na would be at equilibrium across the membrane is given by the following expression (4) RT [Na]o E:a= yF ln [Nali For both 'M and C cells ENa is about -62 mv. Since the actual potentials were more negative than this, the net passive Na flux will be inward. The difference in electrochemical potential (Asi) between the interior and exterior of the cell for an ion is the driving force for net passive movement of the ion (2) . Since both the electrical potential and the vacuolar Na concentration were unaffected by light (table I), it is clear that the light dependence of Na influx is not due to changes in Ait\Na. It is possible that changes in the sodium permeability of the plasmalemma occur in response to light, allowing a faster passive movement in brighter light. Blinks (1) reported that the electrical resistance of the plasmalemma of Nitella clavata could be reduced four or fivefold by exposing the cells to full sunlight for a day or more. The effect of light on the electrical resistance of the plasmalemma under the conditions of our experiments remains to be examined. Na Influx, Light, and Bicarbonate. The differences between 1I and C cells in the extent to which light influences Na influx suggest that at least a part of Na influx is connected with the assimilation of metabolizable ions. Our results with the bicarbonate solution indicate that an enhancing effect on Na influx comparable to that of the M solution is obtainable with this ion. The mechanism by which bicarbonate interacts with light to influence Na influx is not clear, but some connection with photosynthesis would seem most likely. Scott (13) 
Concluding Remarks
The results from this and other studies (8, 9, 11, 12) 
Summary
Na22 influx, membrane electrical potentials, vacuolar ion concentrations, and protoplasmic streaming were measured in nongrowing cells of Nitella clazata at several light intensities. Na influx and protoplasmic streaming rates were followed until constant; this required from several days to several weeks depending on the process and the light intensity. Na influx was strongly correlated with light intensity although light had no effect on the membrane potential or the ionic composition of the vacuolar sap. The results do not distinguish between a passive movement of Na into the cell accelerated by a light-induced increase in permeability and an active transport mechanism operative in the same direction as the electrochemical gradient. A faster entry of Na22 into cells occurred at the higher light intensities when bicarbonate was present in the medium.
Protoplasmic streaming showed a dependence on light only at intensities below 700 ergs/cm2 sec. At the lowest light intensities streaming rates were always at least 60% of the maximum rate. There was no influence of the ionic composition of the external solution on streaming.
